Introduction
A study of the geologic map of Austin by Garner et al. (1976) shows that normal faults along the Balcones fault zone (BFZ) are some of the main features that have shaped the geology and physiography of central Texas and its environs (Figure 1 ). At the regional scale, faults have positioned the geologic units (Edwards Group and underlying Glen Rose Formation) into a framework that juxtaposes contrasting rock, soil, and terrain, thereby producing a major physiographic boundary (Collins and Woodruff, 2001; Saribudak, 2011) . The BFZ is a fault system consisting of numerous normal faults with hanging walls generally dropping down toward the Gulf of Mexico with displacements ranging from 98 to 853 ft (30 to 260 m) (Collins 1995; Collins, 2004 ).
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There are up to 1200 ft (365 m) of total displacement across the BFZ. Faults generally dip steeply (45-85°), varying primarily due to specific rock properties and local stress fields (Ferrill and Morris, 2008) .
The BFZ includes the Edwards and Trinity aquifers, which are primary sources of water for south-central Texas communities, including the city of San Antonio. The Trinity Aquifer underlies the Edwards Aquifer through the Balcones fault zone.
The BFZ's most prominent fault is the Mount Bonnell, with a vertical throw of up to 600 ft (183 m) (Figure 1 ). The fault hydrogeologically juxtaposes these Cretaceous carbonate aquifers during the Miocene tectonic deformation associated with the Balcones fault zone, where the younger Edwards Group limestone has been downthrown relative to the older Glen Rose Formation (Trinity Group) (Gary et al., 2011) .
The Cretaceous Edwards and Trinity aquifers of central Texas are critical groundwater resources for human and ecological needs (Gary et al., 2011) . The karstic aquifers are managed separately by regional water regulatory entities, and they have been historically treated as independent systems, both scientifically and from a water-policy standpoint.
Geophysical methods have been an important component of effective hydrogeologic investigations over the Edwards Aquifer in central Texas. Geophysical surveys that employ a variety of electrical and electromagnetic methods have been used to successfully map stratigraphy, geologic structure, and depth to the water table in major aquifer systems (e.g., Fitterman and Stewart, 1986; Connor and Sandberg, 2001) . Geophysical methods are also used to delineate the locations of karst features (caves, voids, fractures, and faults) (Smith et al., 2005; Blome et al., 2008; Saribudak, 2011; Saribudak et al., 2012a; Saribudak et al., 2012b; Gary et al., 2013; Saribudak et al., 2013; Saribudak, 2015) .
Multiscale geophysical surveys were conducted at two sites over the Mount Bonnell fault to determine locations of karstic features (caves, sinkhole, conduits, and faults/fractures) (Saribudak, 2011 (Saribudak, , 2012 . Additional geophysical data (resistivity, natural potential, magnetic, and GPR) were acquired across a third site, Westbank Drive, in 2012 and included in this study. Furthermore, some of the geophysical data from the previous study have been reprocessed and reinterpreted. Thus, the purpose of this study is to decipher the role of the Mount Bonnell fault in the connectivity between the Edwards Aquifer and Upper Trinity Aquifer.
Hydrogeology
The karstic Edwards Aquifer is a porous, honeycombed, waterbearing rock, located within the BFZ, and is between 300 and 700 ft (91 to 213 m) thick. It includes the Edwards Group and other associated limestone, and is underlain by the Glen Rose Formation (Upper Trinity; see Figure 2 ), which consists of hard limestone strata alternating with marl or marly limestone.
The Upper Glen Rose member underlying the Edwards Aquifer units has historically been interpreted as a confining zone (Rose, 1972 ; Edwards Aquifer website: http://www.edwardsaquifer.net/geology.html). However, recent awareness of a significant connection between the Edwards and Trinity aquifers has resulted in a number of hydrogeologic investigations documenting that they actually operate as a single system in some locations and under certain circumstances (Smith and Hunt, 2010; Gary et al., 2011; Wong et al., 2014 , Hunt et al., 2015 . Wong et al. (2014) indicates that the uppermost 150 ft (46 m) of the Upper Glen Rose is likely part of the Edwards Aquifer, while the remainder of it is an aquitard, and portions of Upper Glen Rose are karstic. Water levels of the Upper Glen Rose are essentially the same elevation as the Edwards Aquifer (Hunt et al., 2007) . Figure 3 shows the geologic map of the Mount Bonnell fault and three locations where the geophysical surveys were conducted. The Lower Cretaceous Glen Rose Formation is at the surface to the west of the Mount Bonnell fault, while east of the fault zone the younger rocks of the Edwards Aquifer are at the surface.
Geophysical results and interpretation
Resistivity surveys were performed using AGI's SuperSting R1 and Swift system. Natural potential (self-potential) data were collected using a house-built-in NP unit. Conductivity and magnetic surveys were performed using Geonics EM31 and Geometrics G-858 instruments, respectively. GPR data were collected using GSSI SIR 2000 with a 400 MHz antenna.
Mount Bonnell fault at Bee Cave Road
Resistivity, natural potential, magnetic, conductivity, and GPR surveys were conducted across the Mount Bonnell fault at the intersection of Bee Cave Road (2244) and Camp Craft Road to the west of downtown Austin. A site map showing the approximate location of the Mount Bonnell fault and geophysical profiles is provided in Figure 4 .
The resistivity and natural potential (NP) data are given in Figure 5 . The resistivity data, across the fault, show resistivity values ranging between 20 and 3800 Ω.m. Low resistivity values Figure 2 . The stratigraphic column of the Lower and Upper Cretaceous formations within the study area illustrating hydrostratigraphic members of the Edwards and underlying Trinity Group (Small et al., 1996) . Note that the Upper Glen Rose Formation is partly interpreted as an aquitard (Wong et al., 2014) . are mostly located to the south of the fault and beneath the fault location at a depth of 45 ft (14 m). There is a well-defined highresistivity anomaly at station 251 ft (77 m), which could be due to a sinkhole. Note that an incipient sinkhole observed on the surface is close to this anomaly. The NP data shows a unique "U" type anomaly along the profile. The NP values range between 10 and -38 mV. The NP anomaly appears to be caused by a combination of the Mount Bonnell fault and the sinkhole.
The magnetic and conductivity data are displayed in Figure 6 , which show high magnetic and conductivity anomalies between the stations 279 and 330 ft (85 and 100 m). It should be noted that a building wall starts where the incipient sinkhole is located and continues about 25 ft (8 m) to the southeast. Although geophysical profiles are distanced 20 ft (6 m) from the wall, both conductivity and magnetic data may be affected by the presence of the building wall. The high magnetic and conductivity anomalies correlate well with the locations of low-resistivity material (≤ 20 Ω.m). Based on this correlation, the source of the magnetic and conductivity anomalies can be attributed to magnetic soils in the subsurface (Saribudak, 2011) .
The GPR data are shown in Figure 7 in two sections (A and B), which indicate a sinkhole anomaly between stations 242 and 250 ft (74 and 76 m) and a collapsed area between stations 297 and 317 ft (91 and 97 m). It should be noted that the sinkhole anomaly is located close to the observed incipient anomaly and is contained within the Glen Rose Formation. The GPR data does not indicate the location of the fault.
Mount Bonnell fault at Westbank Drive
Magnetic, resistivity, natural potential, and GPR surveys were conducted across the Mount Bonnell fault along Westbank Drive (Figure 8) .
The magnetic data (total field and vertical gradient) and NP data are shown in Figure 9 . Location of the Mount Bonnell fault and known utility pipes are marked on the magnetic data for reference purposes. Steep magnetic gradients may suggest faults and fractures (Finn and Morgan, 2002) and are designated on the gradient data as blue stars. Note the correlation of the known location of the Mount Bonnell fault and the corresponding steep magnetic gradient at near station 700 ft (213 m). Anomalous NP locations are marked with yellow stars, and they are well correlated with the vertical gradient data, except a NP anomaly at station 100 ft (30 m).
The resistivity data were collected only along a portion of the magnetic and NP profiles. This was due to site conditions. The GPR data were collected along the entire profile, but only the GPR data with an anomalous section are shown in Figure 10 , along with the resistivity data. The resistivity data indicate the resistivity distributions within the Glen Rose Formation; however, the GPR data show a "fault-like" anomaly between stations 425 and 430 ft (130 and 131 m) . High-resistivity values also terminate sharply in the vicinity of the GPR anomaly, suggesting a fracture or fault.
Mount Bonnell fault at Height Drive
A site map of the study area, including the location of geophysical profiles and the Mount Bonnell fault, is shown in Figure 11 . Resistivity and NP profiles were taken along a grassy ground (the light blue line), whereas the GPR survey was conducted on the asphalt (the yellow line). Figure 12 shows the resistivity imaging and NP data along the same profile. The resistivity data indicate a very significant anomaly consisting of high-and low-resistivity anomalies between stations 280 and 320 ft (85 and 98 m). The resistivity profile does not indicate any fault anomaly where it crosses the faults; however, the NP data shows a significant anomaly (sine-wave) across the known fault location. In addition, the NP data shows an anomaly where the resistivity anomaly is observed.
The magnetic and conductivity data are shown in Figure 13 . The magnetic data indicate a high anomaly, whereas the conductivity data show high and low anomalies across the resistivity anomaly. Both data sets also indicate an anomaly between stations 380 and 410 ft (116 and 125 m) where the fault is located. This anomaly is due to a known utility pipe, which is observed at the site. Small et al. (1996) . The resistivity data does not indicate any significant changes between juxtaposed rocks of Glen Rose and Edwards Aquifer. However, the NP data displays a significant fault-like anomaly (Reynolds, 1997) . Figure 14 provides the GPR data taken across the Mount Bonnell fault. The data show a distinct low-(Glen Rose) and high-amplitude (Edwards Aquifer) contrast across the fault, thus marking and confirming the presence of the fault.
Discussion and conclusions
All geophysical data obtained from the three locations (Bee Cave Road, Westbank Drive, and Heights Drive) across the Mount Bonnell fault indicate significant karstic anomalies. These anomalies include caves, sinkholes, collapsed areas, fractures, and faults. Locations of these anomalies are marked on a regional fault map and are shown in Figure 15 .
The GPR data taken along the roads indicate significant near-surface anomalies caused by collapsing soil, sinkholes, and caves (Saribudak, 2011) . These structural deformities appear to be significant enough to require continual repair as asphalt patching was noted in these areas.
In conclusion, geophysical results proved invaluable in assessing the karstic features of both Glen Rose (Upper Trinity) and Edwards Aquifer units and in locating the Mount Bonnell fault more precisely (Figure 16) .
Resistivity values of the Glen Rose and Edwards aquifers do not appear to have significant lateral variations across the fault. In other words, the Mount Bonnell fault does not appear to juxtapose different resistivity units of the Edwards Aquifer and Glen Rose Formation. Thus the fault may not be a barrier for groundwater flow. With the abundant presence of karstic features (caves, sinkholes, fractures, collapsed areas) across the fault, determined by the geophysical data, one can conclude that lateral groundwater flow (intra-aquifer) between the Edwards Aquifer and Upper Trinity is very likely. (Small and Hauwert, 1996 , and the map is modified by Hauwert in March 2016).
